The relationships of ranges to their respective standard deviations for wind direction and speed fluctuations are found for two urban locations at a height of 33 f t . above ground level. The standard deviations are computed from 1-, 5-, lo-, and 15-sec. average and 5-, lo-, and 15-sec. iiistantaiieous chart readings. The sampling intervals for which the standard deviations and ranges are computed are 15, 30, and 60 min.
INTRODUCTION
One of the practical objectives of meteorological research in the field of urban air pollution is finding relatively easily ni ea sur ab1 e meteor ological par ani e t8ers that in dicate the dfifusion of pollutants in the boundary layer. There are several lines of attack to this problem. Some of these involve the use of wind speed, vertical wind gradient, vertical temperature gradient, standard deviation of mind fluctuations, and various combinations of these parameters.
Hay and Pasquill [l] and Cramer, Record, and Vaughan [ 2 ] have shown that the standard deviation of fluct,uations in horizontal wind direction is a good indicator of the lateral dispersion from individual point sources of air pollution over short travel distances. Whether this parameter can be used as an indicator with the complex inultiple sources existing in urban areas or with longer travel distances is not known. The standard deviation ol fluctuations in wind speed is another indicator of the dispersion of pollutants. Therefore, there is much interest in whether either or both of these parameters can be uselul tools in the calculation of urban air pollution dispersion.
Few ol the wind instruments used in urban air pollution surveys have components that compute standard deviations of fluctuations. Many continuous chart records are available, however, froiii which the extreme ranges of wind direction and wind speed can be obtained. Therefore, if the ranges of wind direction and speed were found to be good predictors of their respective standard deviations, 
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these ranges could be used to approximate standard deviations and could then be tested as indicators of air pollutant dispersion in urban areas. The purpose of this study is to determine whether the ranges can be used to obtain reasonably close approximations of the standard deviations in urban areas and, if they can, to find the relationships.
. PROCEDURE
Beckiiiaii and Whitley KlOOA wind systems were selected for use in this study because their sensitivity a t low mind speeds and the balance between sensor motion and fig. 1 ) was included in the data. Fast chart speed (6 in./min.) runs were made of the continuous recordings of wind direction and speed, and these chart records were reduced to I-sec.-average chart readings. Standard deviations were computed from every reitding, and from every jth, 10th and 15th rettding. These will hereinafter be referred to as 1-sec. average and 5-, and 10-and 15-sec. instantaneous readings, respectively. Also, standard deviations were computed from these 1-sec. readings averaged end-to-end over periods oi 5 , 10, and 15 sec. The sampling intervals for the coinputation of the standard deviations were 15, 30, and 60 min. Scatter diagrams of range versus standard deviation were plotted (figs. [2] [3] [4] [5] [6] [7] . Since these plots appeared to show a linear relationship, simple linear regression and correlation analyses were performed to determine the relationships between the computed standard deviations and their respective ranges. Analyses were made for each location separately (tables 1 and 2) and for both locations conibined (table 3) . The regression equations between locations were then tested to determine whether the re1 a t' ionships were the same. The data from both locations were also divided into two groups, development data and test data, so that the regression equations could be cleveloped and tested for generality ol application with the 1-sec. standard deviation data as an example (table 4) . The data were separated as evenly as possible into the two groups. All 01 the data Srom a given day were kept in The correlation increases and the standard errors of estimating the standard deviation for both stations combined decrease with increasing sampling time. ( 3 ) The correlations are higher for Cincinnati data than for Nashville data. The regression constants were not found to be significantly different between the two sets of data, however. (4) The regression equations computed from the development data were found to be equally applicable to the test data, as is indicated by the consistently high correlat'ion indices found €or the test data applied to the regression equations of the development data.
B. I+'ind-Speecl Relationships.-( I) The correlation generally decreases with increasing averaging period. (2)
The correlation is essentially constant for all sampling intervals, and the standard error oC estimating the standard deviation for both stations combined increases slightly with increasing sampling interval. ( 3 ) The correlations are slightly lower for Cincinnati data than for Kashville data; a possible exception is the 15-min. sampling period. The regression constants were found to be significantly different between locations, especially for the 30-and 60-min. sampling intei-rals. (4) The correlation index of test data decreases with increasing sampling interval.
For each wind parameter the results of the two different methods of testing the regression equations $e., by statistically testing the difference in regression constants for significance and by application of test data to regression equations coniputed from development data) were consistent. The conclusions which can be drawn from these tests are that the wind-direction relationships are consistent while the wind-speed results are not. Also, wind speed is suggested to have an influence on the accuracy of the predicted standard deviations 01 wind direction from the range. This is indicated by the higher correlations Iound when using the Cincinnati data, which generally represent higher wind speeds, as compared with the Nashville results, which represent lower wind speeds ( fig. 1 ). Ridge, Shippingport, and Idaho Falls are in extremely good agreement. The average ratios for the Cincinnati and Kashville data were lower when 1-sec. average readings were used and higher when 15-sec. averages were used. These average ratios for different time-averaged chart readings represent the extreme range of mean RIU values that were encountered in the study. Generally these ratios are of the same magnitude as those from the other three locations that agreed SO closely.
SUMMARY AND CONCLUSIONS
The wind-direction range shows psomise for standard use a s a representation of the standard deviation of wind- Ridge, Middletown, Shippingport, Cincinnafi, direction fluctuatious. The analysis shows that the stand-REFERENCES ard errors for all sampling intervals and averaging times are less Ihan 6'. The longer the sampling interval (up to 1 hr.), the shorter the averaging time, and the higher the wind speed, the more reliable is the range as a predictor ol the standard deviations.
Wind-speed range is not a good predictor of the standard deviation of wind speed. The independent data do not verify the development data results, the relationships %re not comparable between the two locations, and there do not seem t o be any readily explainable systematic variations in the relationships.
These conclusions should be applicable to many mind systems, but when the response characteristics of other wind systems differ significantly from t8hose of the Beckinan nnd Whitley wind system, an empirical deterinination of the regression constants may be required.
